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Therma) Oxidation and Hydrolytio Stability of Polyroxo
with Modn Inorgenic Molesulor Chaine x)
by K.A,Andricaov

(Imstituto of Orgomo-Element Compounds of the USSR
Acedomy of Soionces)

Thermel oxidation amd hydrolytic stablility of polymore 18
determined by the chemical composition and 9frusture of molee
cules, There are many iavestigations concerning the thermal oxi-
dation otability of organic pOLYBer® (1-4), soms representa-=
tive polyorgamosiloxanes having 0lso been dealt with (5=6),

Toe otrueture of main inorgenic moleocular ohains of & consi-
derablo pumber of polymers kuowm ab present oan be vizualised

i torms of %ho following types:

R R R R R i
\ ) ! b A
935 O =1 9:: B mm- N -% 8 599 O a9 = etco
¢ 0 [ § i 4
R R )54 0 0
. 0 I

Tho moip ohadms are formod by different chemical elemonts
sush oo 6ilicem, titonium, tim, oluminium, boron, &8 well as
thoir combinctions mpd are usually fringed with orgamnic, orga-
posiloxcne cnd other groups.

The study of polymere with iporganic molecular chaing is
of & doPinito imtorost. In this gommunication 1t will be
attomptod to compare the theoronl oxidation destruction of sow®
olessos 0% organic polymers and that of polymers with main

jporgonie relocwular chaing,a® well c@ to considor the effect

%) Trensleted by A, Prmpiansky ,Moscow
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0of the structure @nd chemical composition of the latter on
their thermal oxidation and hydlolytiec stability. The thormal
oxidation destruetion was usually, but not always detormined
on pure polymors without any fillers and estimated in terms

of the loss in the woeight of the polymer heated at different
temperatures in the presence of atmospherioc oxygen, the magni-
tude of thermoplesticity of polymeric films on amstallic suppo-
rts and fimelly, the change in chemical composition,

@s estimate the thermal oxidatiom stability Ly the change
in the weight of the polymer on h@&fing use was made of ore
genic polymers of different chemicel composition and polymers
vith main inorganic chain molecules fringed with verious or-
ganic groups., Experimental datea listed in Table 1 indicate
the change in weight of different polymers when heated at 250,
300, 3%6, 400, and 4506 for 24 hours,

AQ seen from the Table e ‘hermal oxidation stability of
organic polyrers is distimetly different from that of polymers
with inorgemiec molecmnlar chains, the organic polymers losing
considerably more weight after being heatoed than do the poly-
Bors with main inorganic molesular chaing.

folym@r@ with iporgenic molecular chning undergo considera-
able loss in welght only at the start of heatinéi!€%®n the
process 1B strongly Blowed down., Om the other nand, the de=
struction of orgonie polymers prooeeds continuously with vo-
latile produets beoing eovolved at approximately the same rate,
- Thermal oxidantion destructiom results in reedy degrada-

tion of orgawmic polymers, thermal oxidation reactions taking
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thereby plese mot only im the groups Lringing tho main 2010
cular chaim but im tho main chein 08 well. Destruction s
accompanied by the formatiom of readily volatile oxidation
products and in the extrems case that io, vhem expossd Lor O
leng time to beat and atmospheris oxygon, the polymer ola be
fully oxidised. Such instances ocour in praectice when poly-
mers exe applied ap dielectrios im mochipes and apparatus in
the form of thinm films to be used for a lomg time under normal
atmospheric conditions at 130° and above.

Yith polymers involving main iporganic molecular chains,
carbon that gives rise onm destruction %o volatile oxygen con-
toining compounds is mot included in the main chain of the
polymsr molecule, particlpating only in the groups fringing
the main obain, The main chains of these polymers are composed
of clements that, contrary to cexbon, on thermal oxidation
destruction do not give Pdea € volatile compounds contaln-
ing oxygen, Moreovor, the main chains include algo oxygen thot
bringe about some oxidation of the element forming the main
chain,

During thermnl oxidation destruction the rosctions tako
ploce essentieclly in the orgamic part of the molecule with
the orgenic groups being oxidised and the polymer further
structured %o lead to oxidation being stericelly hindered.
Thus, thermel oxidatiom destruction results in the cross-linke

ing of moleocular chains such as:
\

0 R o
-84 -0- 81 - - 81 -0 =81 -
! {
R R O‘ O‘ ¢>CO2V (-2 ]
L
R R <05 - 81 - 0- P
p§i =0 cgi o )
o R
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¥he inorganic paxt of the molecule being thereby increased as
seen from data listed im Table 2,

0f organic polymers under investigationm only polytetrafluo-
roethylene is extremely stable to thormal oxidation as evidencod
by its composition and molecular structure. This is primarily
accounted for by the higher screening effect of fluarine fring-
ing the maip carbon chain of the molecule and by the good packe
ing of molecular chains., whem sutstituting chlorine for flmweri-
ne, 88y Lp peslytrifluorochloroethylene, a sharp decrease in
thermal oxidation stability 18 observed.

The study of the theremoplasticity of polymers investigated
a8 éilms at 180, 200, 2lo, and 220° (see Table 3) also revealed
@& considerable difference in the properties of organie poly-
mors and those involving ohaim inorganic molecular chains
fringed with different organic greups. Pilme from organie »oly-
nors studied ©ll were found ¢to loz@-iheir elasticity on neating
much more readily tham did the films from main inorgomic chains.
Pigure 2 shows the time of heating et various temperatures at
which the fiiws are elongated by loss than 4 per cent, It will
be seen that the dddndence of thermoplesticity of different
polymers om tempemature is in fair agreement with Arrhenius’®
equation,

- &
E=aPzo
where K iz the reaction rate comstant, P tho probability factor,
8 the numbor of collisionsg among the reacting molecules, E the

aotivation enexrgy, R the gns constent, eand T the absolute tem-

perature,

Approved For Release 2009/08/07 : CIA-RDP80T00246A011600010001-1



Approved For Release 2009/08/07 : CIA-RDP80T00246A01 1600010001-1
5,

Caloulating the activation emergy E in terms of Arrhenius’

equation for the polymsr series the following velues are obe

tained:
Polydimethylphenylsiloxane 36,0 keal/mols
Polydimethylphenylsiloxens ,modified 38,0 keal/mole
Polyvinylformalethylal 26,7 kcal/mole
Polyester 25,7 koal/mole
Thus

o the activation energy of thermal oxidation destruction
of polymers involving inorganic molecular chains a@ judged by
thermo plasticity date is seen to be higher than that of orga-
nic polymers, It is to be noted that the values for activaet-
ion energy in terms of thermoplascity are in rather close ag-
reement with those obtained from the drop in the break down
voltage on aglng that proved to be im this case 33,0 kcal/mole
for polydimethylphenylsiloxans and 24.8 koal/mole for poly -
ethyloneterephtalate.,

The effect of the fringing group;end the molecular chain
structure of polymers with inorganic molecular chains on the
cheange in weight is shown in Table 4, It will be sesn that
organic groups seriously affect the loss in weight of the po-
lymer . Thuo polymors with main chains fringed by ethyl groups
loge more im vwelight tham do the polymsrs fuvolving phenyl and
mothyl groups, Omly &t temperatures above 400° do the polymers
eontaining phenyl groups lose 52 per cent of their welight,
This demdnspirates that phenyl groupe are readily split off
only ab demperaturos above 400° whilst ethyl groups undergo
roady oxydation at 250° and methyl groups at 300°,

In Teble 5 are given data showing the time meeded for the
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polymer to lose half of its organic groups. Thig is seen to
very considerably for difrerent polymers.

Depending on the increasing stability to heating in the
alr of various fringing groups the polymers can Dbe arrangod
in the following series

e < oy < Cefge

It is of imterest to follow the changes in thermal oxida-
tion stabllity of polymers involving inorga:;ic molecular
chains with the main molecular chaln cerniat:lag in addition
to oxygé;réﬁg;élements. lables 6 and T snow the stability to
thermal oxidation destruction of polymethylsiloxane contain=

ing units from

R R
b |} ..
-8 «=0=AL =0 = «S8f =0 =L = 0 =
1 | ' {
R R

As seen from the Tables & conaiderable lowsrin, of 1088 in
weight on heating ig cbserved but polymers containing alumi-
pnium substantially lose thereby their thermoplasticity.

The hydrolytic stability of polymers was exemplified by
compounds of a general formula : RBSiOJ M with M denoting

aluminivm, titeanium, tin as well as by polytitanophenylsilo-

Xane I
O
?635 Cels Cets “6Hs ?
=0=81 -0 =84 -0 = Si -~ 0 = S1 -0 =TL =
0 \ \ . ] ,
OH
?1/2 J1/2 ?1/2 “)095
and polyalumophenylsiloxane
C.H C.H CH CcHB
675 56 5 1675 1675
- 0 = 51 =0 - 81 =Q = 81 =0 = Si =0 = Al =
N | \ \ \
HO 0y/2 ?1/2 O1/2 (1’1/2
L )
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The relative rate of hydrolysis has been found to depend

on the particular metal forming poart of the molecule

Table 9
Compound c""$¢jZ:2 Relative Ratoe of
g B, mwewets
Sa /0S1(Cpllg) 5/, 200,103 2220
A3/0S1(CoH) 5/ 2,45,107 27.2
R1/(0S1(CHe) 5/, 0.09,107> 1

% € € - = - s 4 - = . e e A e Ge A e o T e e o W M e s am e ke M o e e o e e e e e o e

The investigation of the stability of polytitanophenylsile-
xane to hydrolysis in acidic aqueous media showed that the
Si - ® - ¥4 bord does not readily hydrolyse. ¥igure 3ﬁ%§im@%a
rateq the hydrelytic cleavage of pelygitanophenylsiloxane,
polyelumophenylsiloxane, and polyalumoethyl siloxane with lo
and 30 per cent nydrochloric acid, Experiments have shown that
under the sction of lo per cent hydroohloric acid the Si = 0 =
-F{ bond in polytitanophenylsiloxane is broken only to a smnll
degree, only 1.5 per oent of titamium having entered the so-
lution in lo hours. Under the same esonditiems the Si = 0 - AN
bond in polyelumophenylsiloxane and pelyslumoethylsiloxane
underwent 87 and 68.7 per cent degradaticn, respectively. On
the other hamd 30 per cent hydrochloric acid had ruptured the
84 = O - 1 bond in polytitamophenylsiloxane in 1 hour by 25
per cent. Under the same conditions the Si- O - Al bond in
polyclumophenylsiloxane and polyalumoethylsilox&ne was ruptu-
red by 95.2 and 87.5 per cent,respectively, 3o per cent hydrs-

ohloric acid had ruptured the Si = O - Ti bond ir polytiteno-
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phenylsiloxane by 40,8 per cent and Si = 0 - Al bond in poly-=
alumophenyl- and polyalumoethyl-giloxanes by loo per ocent,
Only when treated with 3o per cent hydrochlorie acid for 1o
hours did the Si - 0 = T4 bond in polytitenophenulsiloxane
decompose by S0 per cent,

The quantitative evidence on the hydrolytic stability of
polytitanophanylailoxane, polyalumophenylsilozane, and poly-
alumosiloxane wore gubstantiated by chenical analysis of the
products obtained after the hydrolysis of these polymers (see
Tables lo and 11). The results obtained suggest that the hydro-
lytic stability of the Si = O - Ti bond in polytitanophenylsilo.
xane 1s considerably higher than that of Si - O - Al in poly-

alumoorganosiloxanes,

e OIS W e O oo -

The thermal oxidation destruction was estimated by the
loss in weight of the samples heated as powders (Table 1,4,6)
and by the change in weight of pure films 0,05 mm thick and
50 ¥ loo mm in size,

The thermoelasticity of films on copper and aluminium
Bupports was determined, The film was considered as having
lost its elasticity when after being heated it gave ocrmcks on

bending at room temperature around & rod 3 mm in diameter,

o o - - DI RISy - - - - - - - - - el e . T R pa i i - s

EI D m w am av w- om0 >

rer, thermometor and reflux, hzdrochloric scid of suitable
concentration wos poured, heated up to 95° and finely powde=

red polytitamophenylsiloxane was introduced. The polymer to
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hydrochloric @cid concentration wos 1 to loo. The recection
was run for lo hours, samples to be annlyeed being toltem in
13;5,and lo hours, Titeanium comtont im its hydrochloxrie so =
lutions was detorminod colorimetrieally following tho proce-
dure desoribod im the literature (3) with the results listed
in Figuxo 35 a,b, The polymerio precipitate left after the
r@aotion‘wag romoved from its hydrochlorie solution, washed
vith water up to a ﬁ@g&tiV@ chlorine test,; dried at 1lo5-110°
to constant W@ight‘&nd its elementoxy composition determined,
The anealytienl data for the sterting polytitanophenylsiloxane
end the productso of its hydrolytic cleavege are listed in

sy
' " l

Iable lo,
Yable lo
Polytitcwophenyl Elomentary composition Ratio of the
i loxmng  mm e e e e e number of si-
siloxsne c B Si  Ti licom to tita-
nium atoms 1in
polymer
Starting compound 48,52 4,58 16,80 7.21 4.0
After hydrolytic
cleavage with lo%
hydrochloric soid 460,95 3,98 18,24 T.60 4,1
The some with HoP
hydrochloric acid 51,86 3,99 21,17 3,34 10,8

caou—aoo-onooo—----—_-._——_.-..._._..--.._..-_-.-—-----._—...--.._..._---__._..._

LR A e e - =)

O O v ) 00w W > e o on e e v wn -

- - - -

T e e P R O e o o n on o -

- D E> e e ee am - an

- - . - - - -

This cleavage

vas carried out as above with the data given in Figure 3, The

procipitates loft after hydrolysis were carefully washed,

dried, eand annlysed, the experimental data obitained being 1li-

gtod im Teble 11,
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Conclusions

o kD s o e Gn oan e en

1. The thermal oxidation stability of polymers involving
main inorganic molecular chains consisting of silicon atoms,
oxygen, and aluminium is higher than that of organic polymers.
The destructive processes proceed in organic polymers at high
temperatures to form volatile produts followed by complete
decomposition of molecules. With polymers containing main inor-
ganic molecular chains these processes toke place only in the
organic purt of the molecule and are accompanied by the struc-
turing of the polymer that results in increased inorzanic part
of the polymeric molecule.

0. The thermsl oxidation stability of polymers with main
inorganic molecular chains is alfected to a great extent by
organic groups fringing the main chain.

3, The introduction into the main polymeric chain of alumi-
nium together with silicon results in tne inorense in the

thermal oxidation stability of the polvmexr.
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Faermostability of polymers to thermobxydation destruction (decomposition)

H
Folydimethyl- .Eg§3~ 0 - géoé}
enylsiloxeane Y
pRew ¢ o I
{
Polydifithyl  [EyH CeHs
phenyl siloxane (gi 2 o - S40-
]
X
CH, ?
o
Polydimethylphenyl (“21:(3 963 C|) E‘i
alumosiloxane _Esm - §10 Z A1O - 810
R
ey 0
Polytrifluoro- F E;“
chloroethylene _ ¢ - C -
]
F F Xg
. i
Po ~tu§€wozo [ .- é_)
ch lo2oethylene EoLOR
Polyamide re 0 }
(eaprone) 8 C(CH2)4 C=FH -y
Epoxydiphenyl ?HB
rOPARe ) .
prop .{omggg C3=0ﬂ5mbﬂﬁ
CHy

Maleieglycole- &ocﬁacngococnacaocoe] .
polyester

0 0
Polyethylene " f }
terphtalato - {OCHQCHQOC @ C-Jxn
Phenol OH CH
forraldehydo (3 OB,
CH,y=

Fitrile rubber -[caga gﬁzaj
OB

8@3 - 3002 3800 =

103 Aol 201. 20% 4507
4,6 = 98,9- - ©
55,5 = G4.3 = =
22,7 - 93.1 - -
2005 had 8807 - -
7.5 - 91,2 -
503 o 6800 = o
9038 had 7200
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Table 2
Chsnges in the elementary compositiom of polymers after thermad
destruction
Condition for loss im % C % 81 C/81
dogtryotion wolght
ee=sspRpRymoo-TTscssmos cecoo-seoscsemommooooocoooons
_- 1@1103&@@ containing C, 17.8; Si, 40,9 #
24 w2 ob 250° 2,76 17.12 40,7 1.07
2 hr at 356° 6,02 8,67 42,68 0047
Polypheamyleiloxane comtaiming C, 55.83 81, 21,7 %
24 by ot 450° 52,0 3.7 40,8
6 nr at 550° 5705 0033 46,32
Polydimethylsiloxane containing C,32.7; Si, 38.0 %
5 hr at 300° 29,5 28,86 38,78 1.74
5 hr at 350° 35.0 5,89 42,05 0,32
®
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Table 3

Thermoslasticity of polymeric films

nnagcn—n-—e-—n-.---.—-q—----g---qu-n-—9e---.—--.--_-—.=a--o-—------—-----p-----—_o

Polymer Chemical composition Thermoelaegioi%y
(hr, at “C )
180 200 21lo
Polydimethylpoly- ?HB 96§5
phenylsiloxane - S840 =840 ij 2000 Too 150
i ¥
CH3
Polytrifluorochloro ' Cl P
ethylene 4 C - C - 120 To 2o
“F P
Glycol cebacynic r 9 9 ]
glycerine polyester tocnzcazoc (GHQ)BCOCHacg—CHQ- );K 20 & @
\
Glyoolterephtalic 9 9 :
glycerine polyester %QCHQCHQOC C6HQCOCH2=~=(|IH-=CH27'_)X 8o 48 4
Polyvinylformal '=CH, = ?H - CH, =CH = ] 8 2 o
- \ A
ethylal OoQHoO
R modifiead by reszole#
Bpoxypolyester . 32 28 =
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Tablo 4
The effeot of fringing groups om the thormolxydising stability of
POLyBors
Polyma® Chemionl composition Looo in WGighg in 24 hr
( %, at “C )
250 300 350 400 450
Polymethyd ) QHS E
giloxan® -84 - Oj@ 2,8 = 7.0 - 13.0
L 0 P14
|}
Polyphonyd . (362&5
o
8iloxnme %Si =0 2,6 = 3.0 8.5 5Lo5
i
0 P4
Polydimnthyd " CH, Cels
phenylsiloxane -8 =20-<=84 =0+ 702 12,0 22,8 36.0 44,
’ i | J
" CH 0 x
3 \

Polydimothyd P oCHy
Biloxaae -84 = 0= 4,0 - 34 .0 - -
oL bId
i GHB Jd

Polydiothyl { G5B Cel

phonyloiloxons 184 = 0 - 81 = 0= 803 o 30,2 3800
LY t J pX¢

CoHs Q
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Table 5
lyms Chemical composition Temp The half life
Folywsx P 0n \ time (br)
(°c)
Polymethyl CH,=51=0= 2%0 24
8iloxene -t 0 - x : 350 2,0
450 0.8
Polyethyl CZHS 250 0.8
siloxane =9 = Oa= 350 CoT
J -2 450 0.5
Polyphenyl 9635 350 24
3iloxane =34 =O=J 400 ‘1o
0 x 450 302
550 0,8
' OH C.H
Polydimﬂ?hyl 93 6B 350 12
phenylalum¢ =f1 <0 =81 = 0 =
- ’ : 400 5
siloxane CAB ? - be
Polysimethyl ?Hx Qéﬁs 350 o
phenylailumo 81 <0 =81 = O =51a09§1 - 100 ;o
siloxqne “ CH3 0 0 + x

!
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Tsble 6
Loss in weight of the prlymer (%)

o wn e e ® oo -
© on e TR e S w0 D D W Em e - . e -
- - e .. -
. wr W e D o e - aw
. oo o -
- - o -

vrlymer Chemioal compoiition flus  Heating
‘hre) (bx, at °C )

a,-,a,ea,-_-,--_g-_-_m,? ___________________ 200 25 300 350 --ééé.
Polydiethyld ; 92H5 FGHS A 24 lo,0 16,0 20,5
polyphenyl 81 = 0=81 = 0= i 72 13,5 28,0 33.0
tiloxane L 02H5 ? x 360 21,0 30,0 45,0
;olydimethyl CH3 yaﬂs | 24 3.0 4,5 12,0

‘0lyphenyl =51 -0-11 - 0 p T2 3,75 5.8 17,2

ilnoxans ~CHB f x "50 4,5 6,3 22,0
Po ) )

lydimethyld | QHB 96H5 ? R 24 o = 5.0 8,8 13,0
P2 lyphenyl 81 -0 81 0 =1 810 =Al0- T2 - = 8.4 12,0 18.0

- -
Ad i 2 y bl =
umosiloxane L C’ﬂa :b x| R 0 360 lo,0 15,0 29,0
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Rable 8

Thermoelasticity of polymeric f£ilms

c’g--—-o--n----ﬂﬂ-a--:ga_—me‘--e--a‘—-o——:--o.

Polydisthyl | | GHs  Celg |
polyphenyl j’os:i. =0 =81 e»OeJ

siloxane éQHS 6 bid
|

-

Polydimethyl i QHB 9635

polyphenyl F§1 <0 ?i - Oij
siloxane l C‘H3 ﬁ x
Polydimothyl | CHy ; R
polyphenyl 0=51 =Om§10 o J' M1081 o |
alumosiloxane | CH3 0 xL;L R 7

l 3

--.—a-e---——-_--—..-—_--g-—n—ga——--—-—-----g-

--eeeaa-a-————-—..-—-.—uaa-u-aana-»c

DS O 00 ®Eirmocwenmoee oo oo -y

180 200 220
o 90 18
o Too 15«
= 48 24
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Table 11
Polyalumophenyl Blementury composition (%) Ratio of the number
8iloxane aj ======================= === 0f silicon to aluminium
¢ B 01 AL etoms in the polymox
Stexting compound 49.58 3,54 17,7  4.31 3.96
Aftexr hydrolytie
cleavage with lo%
hydrochloric acid 51,61 4,16 20,11 0,79 24 ,20
The same with 30
hydroohloric acid 52,96 4,02 19,33 traces
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